Although Type Ia supernova cosmology has now reached a mature state, it is important to develop as many independent methods as possible to understand the true nature of dark energy. Recent studies have shown that Type II supernovae (SNe II) offer such a path and could be used as alternative distance indicators. However, the majority of these studies were unable to extend the Hubble diagram above redshift z = 0.3 because of observational limitations. Here, we show that we are now ready to move beyond low redshifts and attempt high-redshift (z 0.3) SN II cosmology as a result of new-generation deep surveys such as the Subaru/Hyper Suprime-Cam (HSC) survey. Applying the "standard candle method" to SN 2016jhj (z = 0.3398 ± 0.0002; discovered by HSC) together with a low-redshift sample, we are able to construct the highestredshift SN II Hubble diagram to date with an observed dispersion of 0.27 mag (i.e., 12-13% in distance). This work demonstrates the bright future of SN II cosmology in the coming era of large, wide-field surveys like that of the Large Synoptic Survey Telescope.
dles (e.g., Phillips 1993; Hamuy et al. 1996; Riess et al. 1996; Perlmutter et al. 1997 ) that allow measurement of extragalactic distances with an accuracy of ∼ 5% (e.g., Betoule et al. 2014; Rubin & Hayden 2016) . They play a crucial role in the determination of the expansion rate of the Universe (Riess et al. 2016 , and references therein), and in 1998 they revealed the surprising accelerated growth rate of the Universe driven by an unknown effect attributed to dark energy (Riess et al. 1998; Schmidt et al. 1998; Perlmutter et al. 1999) . However, even though SNe Ia remain the most mature and well-exploited method measuring the acceleration, further improvement to constrain the nature of dark energy requires developing as many independent methods as possible.
Among the wide range of independent cosmological probes found in the literature such as the cosmic microwave background radiation (Fixsen et al. 1996; Jaffe et al. 2001; Spergel et al. 2007; Bennett et al. 2003; Planck Collaboration et al. 2013) , baryon acoustic oscillations (Blake & Glazebrook 2003; Seo & Eisenstein 2003) , X-ray clusters (White et al. 1993; Schuecker et al. 2003) , and superluminous SNe (Inserra & Smartt 2014) , one interesting independent method for deriving accurate distances and measuring cosmological parameters is Type II SNe 1 .
Observationally, SNe II are characterised by the presence of strong hydrogen (H) features in their spectra (see, e.g., Filippenko 2000 and Filippenko 1997 for overviews), and a plateau of varying steepness in their light curves (Barbon et al. 1979) . Even though detecting SNe II at high redshift is challenging owing to their relatively low luminosity (1-2 mag fainter than SNe Ia; Richardson et al. 2014) , their use as cosmic distance indicators is motivated by the fact that they are more abundant than SNe Ia (Li et al. 2011 ); additionally, their rate is expected to peak at higher redshifts than that of SNe Ia (Taylor et al. 2014; Cappellaro et al. 2015) . Also, thanks to direct progenitor detections and hydrodynamical models (Van Dyk et al. 2003; Smartt et al. 2009; Grassberg et al. 1971; Falk & Arnett 1977; Chevalier 1976) , their progenitors and environments (only late-type galaxies) are better understood than those of SNe Ia (no direct progenitor detection and found also in elliptical galaxies, not just late-type galaxies). It is now accepted that their progenitors are red supergiants that have retained a significant fraction of their H envelopes. Unlike SNe Ia, for which possible redshift evolution is debated (Kessler et al. 2009; Guy et al. 2010; Betoule et al. 2014) , SN II progenitors have been constrained, and the explosion mechanism is better understood (Woosley & Weaver 1995; Janka et al. 2007) .
At first sight, the SN II family displays a large range of peak luminosities; however, as for SNe Ia, their extrinsic differences such as dust extinction can be calibrated. To date, several methods have been developed to standardise SNe II, such as the expanding photosphere method (EPM; Kirshner & Kwan 1974) , the standard candle method (SCM; Hamuy & Pinto 2002) , the photospheric magnitude method (PMM;
1 Throughout this paper, SNe II refer collectively to the two historical groups, SNe IIP and SNe IIL, since recent studies show that the SN II family forms a relatively continuous class (Anderson et al. 2014; Sanders et al. 2015; Valenti et al. 2016; Galbany et al. 2016) . Rodríguez et al. 2014) , and the most recent technique based solely on photometric inputs called the photometric colour method (PCM; de Jaeger et al. 2015 de Jaeger et al. , 2017 . In this paper, we focus our effort on the SCM, which is the most common method used to derive SN II distances, and currently the most accurate. The SCM is a powerful method based on both photometric and spectroscopic input parameters which enables a decrease of the scatter in the Hubble diagram from ∼ 1 mag (with calibration) to levels of ∼ 0.3 mag (Hamuy & Pinto 2002) , equivalent to a precision of ∼14% in distances. This method is mainly built on the observed correlation between SN II luminosity and photospheric expansion velocity ∼ 50 days post-explosion: more luminous SNe II have higher velocities (Hamuy & Pinto 2002) . The underlying physical cause of this empirical relation (Kasen & Woosley 2009 ) is that in more-luminous SNe II the H recombination front defining the photosphere is farther out in radius, and therefore maintained at higher velocities because of homologous expansion.
Currently, refined versions of the SCM combine the velocity ejecta correction measured through the absorption minimum of P-Cygni features (Fe ii λ5169 or Hβ λ4861 lines) with a dust correction based on the SN II colour. Using this fine-tuned method, recent works succeeded in constructing a Hubble diagram with a dispersion of ∼ 10-12% in distance (Nugent et al. 2006; Poznanski et al. 2009; Olivares E. et al. 2010; D'Andrea et al. 2010; de Jaeger et al. 2015 de Jaeger et al. , 2017 , and provide new independent evidence for dark energy at the level of 2σ (de Jaeger et al. 2017) . Even if SNe II are currently not competitive with SNe Ia in terms of achieved dispersion (∼ 0.25 mag versus ∼ 0.10 mag) or sample size (∼ 60 SNe II versus ∼ 740 SNe Ia), the latest SN II studies are comparable to the early SN Ia results, showing that SNe II are a useful complementary and independent method to constrain the nature of dark energy.
Nevertheless, all SN II Hubble diagrams based on the SCM found in the literature used relatively low-redshift samples (z 0.2), except the recent work done by Gall et al. (2017) where the authors used one SN II at a redshift of 0.335. At low redshift, the differences between the expansion histories are extremely small, and distinguishing among the different cosmological models requires measurements extending far back in time: SNe II at higher redshift (at least z ≈ 0.3-0.5). Here, as proof of concept, we show our ability to extend the current SN II Hubble diagram beyond z = 0.3, taking advantage of the Subaru/Hyper Suprime-Cam survey (HSC; Miyazaki et al. 2012; Aihara et al. 2017 ) and using different methodologies than those used by Gall et al. (2017) .
This work also addresses the critical issue of the necessity for the community to dedicate more observations of high-redshift SNe II in order to directly compare with SN Ia results. This could be achieved with new, deep surveys (e.g., the Large Synoptic Survey Telescope, LSST: Ivezić et al. 2009; HSC: Miyazaki et al. 2012; Aihara et al. 2017 ) and ground-base telescopes for spectroscopy such as the Keck telescopes or the next generation of 25-39 m telescopes (European Extremely Large Telescope, E-ELT: Gilmozzi & Spyromilio 2007; Giant Magellan Telescope, GMT: Johns et al. 2012; Thirty Meter Telescope, TMT: Sanders 2013) . This paper is organised as follows. Section 2 contains a description of the data sample, and in Section 3 we discuss the method used to derive the Hubble diagram, which differs from that of de Jaeger et al. (2017) . In Section 4 we discuss our results, and Section 5 summarised our conclusions.
DATA SAMPLE
Here we use the sample from de Jaeger et al. (2017) , which consist of SNe II from three different projects: the Carnegie Supernova Project 2 (CSP-I; Hamuy et al. 2006) , the SDSS-II SN Survey 3 (Frieman et al. 2008) , and the Supernova Legacy Survey 4 (Astier et al. 2006; Perrett et al. 2010) . We complete the sample with SN 2016jhj, a recently discovered high-redshift SN II from the HSC (Aihara et al. 2017 ).
CSP-I+SDSS+SNLS
A list of 82 SNe II available for the SCM was compiled by de Jaeger et al. (2017) . Among this sample, 61 low-redshift SNe II are from the CSP-I (Anderson et al., in prep.) All of the magnitudes were simultaneously corrected for Milky Way extinction (A V G; Schlafly & Finkbeiner 2011) , the expansion of the Universe (K-correction; Oke & Sandage 1968; Hamuy et al. 1993; Kim et al. 1996; Nugent et al. 2002) , and differences between the photometric systems (Scorrection; Stritzinger et al. 2002) using the cross-filter Kcorrections defined by Kim et al. (1996) . The procedures are described in detail by Nugent et al. (2002) , Hsiao et al. (2007) , and de Jaeger et al. (2017) . Note that this correction will be hereafter referred to as the AKS correction.
Subaru/HSC
To extend the Hubble diagram beyond z = 0.3, we use data from the HSC installed at the prime focus of the 8.2 m Subaru telescope, and the Low Resolution Imaging Spectrometer (LRIS; Oke et al. 1995 , Rockosi et al. 2010 ) on the Keck-I 10 m telescope, both located at the Mauna Kea Observatory. HSC is a new instrument with the currently highest etendue, a combination of field of view (1.5 • in diameter) and telescope size (8.2 m). The HSC transient survey started in November 2016 and had guaranteed access to 5-7 nights per month (dark phase) during six months. For each run, the COSMOS field (Capak et al. 2007 ) is observed about twice in each filter (grizy). The data are reduced with hscPipe (Bosch et al. 2017) , a version of the LSST stack (Ivezić et al. 2009; Axelrod et al. 2010; Jurić et al. 2015) . HSC astrometry and photometry are calibrated relative to the Pan-STARRS 1 (PS1) 3π catalog (Schlafly, Finkbeiner, Jurić et al. 2012; Tonry, Stubbs, Lykke, et al. 2012; Magnier et al. 2013) . Final photometric points are obtained via pointspread-function photometry in the template-substracted images. We refer the reader to Aihara et al. (2017) for more When a SN candidate is detected, a photometric selection is performed based on two criteria specific to SNe II: a rapid light-curve rise ) and a plateau resulting from the balance between cooling and recombination in the ejecta (Grassberg et al. 1971) . In Figure  1 , the grizy light curves of SN 2016jhj are displayed and the photometry is given in Table 2 . As Figure 1 shows, the first SN II criterion is satisfied with a fast light-curve rise time in the z band of ∼ 5 days. The second SN II criterion is also fulfilled with the presence of a clear plateau in the rizy light curves at an apparent magnitude of ∼ 23 mag for more than 50 days. To estimate the explosion date we use the i band, for which the first photometric point (JD 2,457,721.55; Nov. 29, 2016 ; UT dates are used throughout this paper) was obtained four days after nondetection (JD 2,457,717.62; Nov. 25, 2016) . In this paper, the explosion date is chosen as the median value between these two epochs and thus is estimated to be JD 2,457,719.56 ± 2. It is worth noting the quality of the light curve obtained using the HSC relative to one recent high-redshift SN II (PS1-13bni; Gall et al. 2017) observed by the Panoramic Survey Telescope & Rapid Response System 1 (Pan-STARRS1; Kaiser et al. 2010) .
From this first HSC run, SN 2016jhj was our best highredshift SN II candidate, with an estimated host-galaxy photometric redshift of ∼ 0.33. Details of the host-galaxy and SN 2016jhj are listed in Table 1 . As a proof of concept to demonstrate that we are now able to attempt high-redshift SN II cosmology (z 0.3), we obtained an optical spectrum using LRIS on the Keck-I telescope on 2017 January 3 (JD 2,457,756; 29.40 days after the explosion in the rest frame), with a total exposure time of one hour. LRIS is equipped with an atmospheric dispersion corrector, so the correct continuum shape is obtained. The reduction and the calibration were performed following standard procedures (bias subtraction, flat-field correction, one-dimensional extraction, wavelength and flux calibration) described by Silverman et al. (2012) . In Figure 2 , the observed spectrum (in black) to- (Sahu et al. 2006) , which confirms the nature of our transient. Note that among all matches found by SNID (70), more than 85% were SNe II and around 15% SNe IIb (e.g., SN 1993J; Filippenko et al. 1993) . However, it is worth noting that SNe IIb can be clearly excluded based on the observed light curve. The heliocentric redshift used in this work was derived directly from the SN spectrum using the superimposed hostgalaxy emission lines. In the spectrum, we are able to identify three features: [O II] λ3727.3, [O III] λ5006.8, and Hα λ6562.81, for which we respectively obtain very consistent redshifts of 0.3397±0.0001, 0.3399±0.0002, and 0.3400±0.0001 (note also the possible presence of the [S II] λ6717 emission line at the same redshift).In Figure 2 , the emission lines used to derive the redshift are highlighted in blue. The final heliocentric redshift value is taken as 0.3398 ± 0.0002 (weighted average). Finally, owing to a lack of telescope time, we were able to observe only one candidate, even though the HSC survey provided us with additional SN II candidates.
METHODOLOGY
We now describe how we derive the Hubble diagram, and in particular how the expansion velocities, magnitudes, and colours are estimated. In this paper, the methodology and SN 2016jhj are the main differences with de Jaeger et al. (2017) . 
Expansion velocities
To apply the SCM, it is fundamental to measure the expansion velocity of the ejecta. Generally, the velocity is estimated from the minimum flux of the absorption component of the P-Cygni profile of an optically thin line formed by pure scattering, such as Fe ii λ5018. However, for noisy spectra and at early epochs, the Fe ii features are often buried in the noise, making them unsuitable for velocity measurement. Even though it is less associated with the photospheric velocity, more recently the Hβ λ4861 absorption line has been proposed (Nugent et al. 2006; Poznanski et al. 2010; Takáts & Vinkó 2012; de Jaeger et al. 2017 ) as a velocity proxy. This line has the advantage of being stronger than Fe ii λ5018, and thus easier to measure. Note that a linear relation was derived between the Hβ and Fe ii velocities (Poznanski et al. 2010; Takáts & Vinkó 2012; de Jaeger et al. 2017) , with a dispersion equivalent to an additional uncertainty of about 200-400 km s −1 . However, at high redshift, spectra are so noisy that even the Hβ λ4861 absorption is not clearly visible; hence, some authors attempt to use other methods. In this section, we describe the cross-correlation technique developed by Poznanski et al. (2009) .
In this method, the Hβ λ4861 velocity is determined by computing the cross-correlation (using the Tonry & Davis 1979 algorithm) between the observed spectra and a library of SNe II using SNID for which the Hβ λ4861 velocities can be measured precisely. This method has several advantages such as its simplicity, its robustness, and its utility for broad and noisy lines.
We used templates of six SNe II from the original SNID library together with a new set of spectral templates (Gutiérrez et al., in prep.) . This new library consists of SNe II with well-constrained explosion epochs from the CSP-I and the Carnegie Type II Supernova Survey ( Galbany et al. 2016) . Briefly, we cross-correlated each observed spectrum only to the SN II library, constraining the wavelength range to 4400-6000Å (rest frame) in order to avoid the Hα λ6563 line. As the redshift is known, we use the "forcez" option available in SNID to directly run a set of correlations, with the input and template spectra trimmed to match at this redshift. For each spectrum, the resulting velocities are the sum of the template velocities and the relative Doppler shift between the observed spectrum and the template. Finally, we select only the velocities of the best-fitting templates (top 10% of rlap 5 values) and calculate a weighted velocity mean. Note also that the spectrum epoch is not used as an input parameter because SNe II evolve at different speeds; we employ only the observed spectra with epochs between 15 and 90 days post-explosion, during the photospheric phase. In order to test this method, for each spectrum the Hβ λ4861 velocity is also estimated through the minimum flux of the absorption component of the P-Cygni profile using IRAF 6 . In Figure 3 , the Hβ λ4861 velocities measured from both methods are compared. As we can see, the velocities derived from the minimum flux of the Hβ λ4861 absorption line and those estimated using SNID are correlated with a dispersion of ∼ 400 km s −1 . The correlation is also good for the high-z SN II spectra with a lower signal-to-noise ratio (S/N). This exercise validates the use of the cross-correlation method presented by Poznanski et al. (2009) and shows its importance for the high-z spectrum velocity measurement. However, it is worth remarking that the cross-correlation method introduces a bias, as we clearly see a trend in the residuals (Pearson factor of ∼ 0.35). As already mentioned by D'Andrea et al. (2010) and Takáts & Vinkó (2012) , this bias is caused by the template selection, and it is more important at early and late epochs. Note also that SN 2016jhj has the highest velocity among the the sample, merely due to a Malmquist bias: as the HSC survey searches for the highest-redshift SNe, they then to find only very luminous objects.
After computing the Hβ λ4861 velocity for each SN at all available epochs, we do an interpolation/extrapolation using a power law of the form (Hamuy 2001) 
where A and γ are two free parameters obtained by leastsquares minimisation for each individual SN and t is the restframe epoch from the explosion. Following the work done by de Jaeger et al. (2017), a Monte Carlo simulation is performed to obtain the velocity uncertainty. We also add to this error a value of 150 km s −1 , in quadrature, to account for unknown host-galaxy peculiar velocities. When a SN has only one spectrum available, the free parameter γ is fixed to a value of −0.407 ± 0.173, which corresponds to the median value derived from the CSP sample (de Jaeger et al. 2017) . Note the difference between the methodology used by Gall et al. (2017) and in this work: Gall et al. (2017) measured the Hβ λ4861 velocity using IRAF, which could be very difficult for very high-redshift SNe II and their noisy spectra. Additionally, to derive the velocity at 50 days post-explosion, they assumed the same power law for each SN, while in our work, we derive a specific power law for each SN having at least two spectra.
5 The rlap parameter is akin to a quality parameter: the higher the rlap, the better the correlation (Blondin & Tonry 2007 The explosion date and heliocentric redshift are (respectively) JD 2,454,542.9 ± 6.0 and z = 0.14. Bottom: SN 05D4dn AKScorrected light curves in flux. The explosion date and heliocentric redshift are JD 2,454,742.7 ± 9.0 and z = 0.19, respectively. For both SNe, the gri bands are shown in blue, red, and green (respectively). For each filter, the solid curve is the best fit from the Gaussian-process regression. The filled region represents the 1σ uncertainty of the regression curve. The dotted black line represents the epoch 44 days after the explosion in order to compare between the linear and the Gaussian-process interpolation.
Light-curve interpolation
We model the SN light curves using the hierarchical Gaussian processes (also known as Bayesian smoothing splines) to interpolate the magnitudes and colours at different epochs. This technique has the advantage over other methods of allowing the inclusion of uncertainty information, thus producing less-biased interpolated values. Additionally, this method is very powerful for SN light curves having incomplete or noisy photometric data (Mandel et al. 2009 (Mandel et al. , 2011 Burns et al. 2014; Lochner et al. 2016) .
For this purpose, we use the fast and flexible Python library George developed by Ambikasaran et al. (2014) . In Figure 4 SN 05D4dn) are from the SDSS and SNLS samples, respectively. As shown in the figure, the best fit from the Gaussian process is very satisfactory during the plateau phase and allows us to derive the magnitudes and colours. Note that this procedure differs from that of de Jaeger et al. (2017), who did a simple linear interpolation. In this figure, we also clearly see the differences between the magnitudes derived using a linear or a Gaussian interpolation. For instance, for SN 2007nr at epoch 44 days after the explosion, the difference between the two methods in the r-band is ∼ 0.2 mag. In addition to SN 2007nr and SN 05D4dn, five other SNe show differences in the r or i bands larger than 0.1 mag: SN 18321, SN 2007kz, SN 2007nv, SN 2007nw, and SN 2007ny (all from the SDSS). Finally, it is important to note that in this work, we never extrapolate the magnitude.
Hubble diagram
In the SCM, we use two corrections to standardise the SN observed magnitude: the expansion velocity, and the colour correction that accounts for host-galaxy extinction. Thus, the observed magnitude can be modeled as
for a cosmological model depending on the cosmological parameters Ω m , Ω Λ , the CMB redshift z CMB , and the Hubble constant. Finally, α, β, and M i are also free parameters, with M i corresponding to the "Hubbleconstant-free" absolute magnitude (M i =M i -5 log 10 (H 0 ) + 25). Note that we center the velocity and colour ((r − i)-< (r − i) >) distributions using the mean velocity (< v Hβ > ≈ 5910 km s −1 ) and the mean colour (< (r −i) >≈ −0.02 mag) of the whole sample, respectively.
To derive the Hubble diagram and to determine the best-fit parameters, as done by Poznanski et al. (2009) 
+0.31 −0.25 Figure 6 . Corner plot showing all of the one-and twodimensional projections. Contours are shown at 1σ, 2σ, and 3σ. The five free parameters are plotted: α, β, M λ1 , σ obs , and Ω m .
To make this figure we use the corner plot package (triangle.py v0.1.1. Zenodo. 10.5281/zenodo.11020). In deriving this figure, we assume a flat universe.
where we sum over all SNe II available for one specific epoch, m obs i is the observed magnitude corrected for AKS, m model i is the model defined in Equation 2, and the total uncertainty σ tot (corresponding to the error propagation of the model) is defined as
Note that to measure the deviations between the observed SNe and the model, a term (σ obs ) is added to the total error. This value includes true intrinsic scatter in the Hubble diagram (minimum uncertainty in any distance determination using the SCM) and any misestimates of the photometric, velocity, or redshift uncertainties. This term is also known as σ sys (Poznanski et al. 2009 ) or σ int (e.g., Conley et al. 2011; de Jaeger et al. 2017 ).
RESULTS
In this results section, we will first attempt to extend the low-redshift Hubble diagram to higher redshifts, and then constrain the cosmological parameters.
Fixed cosmology
We use the complete SN II sample, consisting of slowly declining (SNe IIP) and rapidly declining (SNe IIL) objects, as de Jaeger et al. (2015) demonstrated that the Hubble residual does not depend on the slope of the plateau. This was also recently confirmed by Gall et al. (2017) . Our sample available at epoch 44 days after the explosion consists of 60 SNe II (39 7 , 16, and 5 SNe II from CSP, SDSS, and SNLS, respectively) together with the high-z SN 2016jhj from HSC. The relevant information for all SNe II in this sample is given in Appendix A, Table A1 . Note that the majority of the distance moduli are consistent with those of de Jaeger et al. (2017), but seven SNe II (one CSP-I, four SDSS, and two SNLS) are not, because of differences in velocities (the crosscorrelation method shows some bias for the extreme epochs; see 3.1) or in magnitudes/colours (some of these SNe II have very noisy light curves, and were only linearly interpolated by de Jaeger et al. (2017)).
First, we try to construct a high-z Hubble diagram by finding the best-fit values (α, β, M i , and σ obs ) using a flat Universe (Ω m + Ω Λ = 1, Ω m = 0.3) assumption. We find α = 3.57 +0.52 , with an observed dispersion σ obs = 0.27 mag. In Figure 5 , the Hubble diagram and the Hubble residuals of the combined data are displayed. Note that to derive the best epoch to use, the minimisation of dispersion in the Hubble diagram is our figure of merit. The best epoch is found to be 44 days after the explosion during the plateau phase. This epoch is similar to the 50 days in the rest frame (post-explosion) used by other SN II cosmology studies (Nugent et al. 2006; Poznanski et al. 2009; Olivares E. et al. 2010; D'Andrea et al. 2010) .
The observed dispersion found is consistent with the results from previous studies (0.26 mag, Nugent et al. 2006; 0.25 mag, Poznanski et al. 2010; 0.29 mag, D'Andrea et al. 2010; and 0.27 mag, de Jaeger et al. 2017 ) and corresponds to 12-13% in distance. Note that without any correction, the observed dispersion is more than twice as large (0.60 mag; ∼ 27% in distance). The best-fit parameters are nearly identical to those of de Jaeger et al. ). The discrepancy in α is easily explained by the difference of methodology used to derive the velocities. de Jaeger et al. (2017) performed the minimum absorption technique, while in this work we use the cross-correlation method. If the crosscorrelation method is applied only to the de Jaeger et al. (2017) sample (without SN 2016jhj), we derive a value of α identical to that derived with the whole sample.
Ω m derivation
As demonstrated in Section 4.1, we are able to construct a high-z Hubble diagram in which the differences between the expansion histories start to be distinguishable. Thus, as performed by de Jaeger et al. (2017) , we try to put some constraints on the cosmological parameters. For this purpose, we assume a flat universe (Ω m + Ω Λ = 1), a Hubble constant H 0 = 70 km s −1 Mpc −1 , and leave Ω m as a free parameter together with α, β, M i , and σ obs . All of the bestfit parameters (α, β, M i , and σ obs ) are shown in Figure 6 , where a corner plot with all of the one-and two-dimensional projections is displayed. Note that all the parameters are slightly different from those obtained for a fixed cosmology (ΛCDM cosmological model) because here Ω m is left as a free parameter.
A value for the matter density of Ω m = 0.38 +0.31 −0.25 is derived, which gives a density of dark energy of Ω Λ = 0.62 +0.25 −0.31 . Our prior probability distribution is defined to have uniform probability for 0.01 ≤ Ω m ≤ 0.9, as well as α, β, M λ1 0. Note that if we choose a more restrictive prior for Ω m , such as 0.2 ≤ Ω m ≤ 0.6, the uncertainties decrease and we derive a value of Ω m = 0.38 +0.14 ) and confirms the evidence for dark energy using SNe II. While the uncertainties we obtain here are far from the precision achieved using SNe Ia (e.g., Betoule et al. 2014) , this work confirms the great potential of SNe II as distance indicators and our capacity to extend the current Hubble diagrams beyond z = 0.3. Nevertheless, this work addresses the necessity of dedicating more observing time to high-redshift SNe II in order to improve their utility as independent distance indicators and make them comparable in precision to SNe Ia.
CONCLUSIONS
In this paper, we demonstrate that we are able to apply the SCM and extend the SN II Hubble diagram beyond z = 0.3. Although SNe II are not currently competitive with SNe Ia in terms of dispersion (∼ 0.27 mag vs. ∼ 0.10 mag) or sample size (∼ 61 SNe II vs. ∼ 740 SNe Ia), this work is comparable to the early SN Ia results (Perlmutter et al. 1997) , showing that SNe II are a useful complementary and independent method for constraining the nature of dark energy. We summarise our results as follows.
(i) We test the cross-correlation method proposed by Poznanski et al. (2009) at high redshift and confirm its potential. This will be an asset for low-S/N spectra.
(ii) We obtain a dispersion of 0.27 mag using the SCM and 61 SNe II at a redshift up to ∼ 0.34, which is most distant SN II Hubble diagram ever built using the SCM.
(iii) This high-z Hubble diagram confirmed the result found in the literature in terms of dispersion or best-fit parameters (α, β, M i ). 
